Rift Valley fever virus (RVFV) is a single-stranded RNA virus capable of inducing fatal hemorrhagic fever in humans. A key component of RVFV virulence is its ability to form nuclear filaments through interactions between the viral nonstructural protein NSs and the host general transcription factor TFIIH. Here, we identify an interaction between a ΩXaV motif in NSs and the p62 subunit of TFIIH. This motif in NSs is similar to ΩXaV motifs found in nucleotide excision repair (NER) factors and transcription factors known to interact with p62. Structural and biophysical studies demonstrate that NSs binds to p62 in a similar manner as these other factors. Functional studies in RVFV-infected cells show that the ΩXaV motif is required for both nuclear filament formation and degradation of p62. Consistent with the fact that the RVFV can be distinguished from other Bunyaviridae-family viruses due to its ability to form nuclear filaments in infected cells, the motif is absent in the NSs proteins of other Bunyaviridae-family viruses. Taken together, our studies demonstrate that p62 binding to NSs through the ΩXaV motif is essential for degrading p62, forming nuclear filaments and enhancing RVFV virulence. In addition, these results show how the RVFV incorporates a simple motif into the NSs protein that enables it to functionally mimic host cell proteins that bind the p62 subunit of TFIIH.
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Rift Valley Fever Virus | TFIIH | NSs | NMR spectroscopy | nuclear filaments R ift Valley fever virus (RVFV) is a single-stranded RNA virus and the causative agent of the zoonotic vector-borne disease Rift Valley fever (1) . Although RVFV is considered a tropical virus, like other tropical hemorrhagic fever viruses including Ebola, there is increasing concern that it will become more prevalent in other regions of the world due to vector migration as a result of rising global temperatures (2, 3) . The virus can be transmitted to both humans and livestock most frequently by mosquitoes, and infection with RVFV is initially characterized by mild flu-like symptoms. However, the infection has the capacity to progress to encephalitis, hepatitis and ultimately fatal hemorrhagic fever depending on the virulence of the strain (3) (4) (5) . At this time, there are no approved drug therapies or vaccines to treat RVFV infection (3, 6) . Given its potential as both a human and agricultural pathogen (7) , the United States Government currently classifies the virus as a category A priority pathogen because of its capacity to be used as a bio-terrorism agent (3, 6) .
RVFV is a member of the genus Phlebovirus family Bunyaviridae and like other Bunyaviridae, it contains a tripartite genome comprised of a large (L) and medium (M) negative-sense RNA segment, as well as a small (S) ambisense RNA segment (4). Despite having no defined structural domains, the nonstructural protein (NSs) encoded by the S-segment is the major virulence factor associated with the RVFV, in part through its ability to enter the nucleus of the host cells (8) (9) (10) . Once in the nucleus, NSs alters a number of processes in the host cell including suppressing the induction of type I interferons (11, 12) , promoting the degradation of the antiviral factor protein kinase R (PKR; refs. 13-15) and inducing p53-dependent apoptotic and DNA-damage signaling pathways (16, 17) . One key element to these multiple functions is the ability of NSs to form nuclear filaments at early stages of the infection by sequestering the general transcription factor IIH (TFIIH; refs. [18] [19] [20] [21] .
Given the functional importance of the NSs nuclear filaments and their association with increased virulence of RVFV, several studies have examined their formation following RVFV infection (4) . Initial studies demonstrated that nuclear filament formation required a direct interaction between the amino-terminal region of NSs and the p44 subunit of TFIIH (21) . These studies also showed that the p44 subunit was an important component of the nuclear filament, and that several other subunits of the TFIIH complex (10 in total) were degraded following filament formation including the p62 and XP (Xeroderma pigmentosum group)D subunits (21) . Subsequently, it was determined that NSs formed a direct interaction with both the p62 subunit of TFIIH (22) and the F-box ubiquitin ligase FBXO3 (23) , and that NSs binding to FBXO3 was required for ubiquitin-mediated degradation of p62 following RVFV infection (23) . Interestingly, these studies also demonstrated that p62 is not targeted by FBXO3 in noninfected cells, but that following RVFV infection, the degradation of p62 resulted in a suppression of the IFN response (23) .
Significance
Infection with the Rift Valley fever virus (RVFV) has the capacity to cause fatal hemorrhagic fever in humans. A unique characteristic of RVFV infection is the presence of nuclear filaments whose formation is linked to synthesis of the viral NSs protein. We identify a crucial interaction between a ΩXaV motif present in the NSs protein and the p62 subunit of the host TFIIH. This interaction is required for nuclear filament formation, NSs-dependent degradation of p62 and for virulence. This ΩXaV motif is also found in human proteins that bind p62 and our results are an example of how viruses incorporate simple motifs into their protein sequences to mimic human proteins and enhance their functional capabilities in host cells during infections.
Despite its key role in RVFV virulence, there is currently little mechanistic understanding of the interaction between the NSs protein and the p62 subunit of TFIIH. In this manuscript, we identify a short motif within the NSs that is homologous to the ΩXaV motif (where Ω is Trp or Phe, X is any amino acid, a is Asp or Glu, and V is Val) that has been shown to mediate the interaction of the p62/Tfb1 (human/yeast) subunit of TFIIH with a number of transcription and DNA repair factors in humans and yeast (24) (25) (26) (27) . Using biophysical, functional, and structural studies, we demonstrate that this ΩXaV motif is required for NSs binding to p62 as well as for formation of NSs nuclear filaments and NSs-induced degradation of p62 in RVFV-infected cells. Taken together, our studies demonstrate that p62 binding to NSs is essential for forming nuclear filaments and suggest that this interaction plays a key role in p62 degradation and virulence of RVFV.
Results
The NSs of RVFV Contains a p62-Binding Motif. It has been reported that infection with RVFV leads to proteasome-dependent degradation of the p62 subunit of TFIIH (22, 23) . In addition, it was shown that p62 degradation was dependent on the presence of the NSs protein and the two proteins can be coimmunoprecipitated from RVFV-infected cells (22) . Given the fact that the pleckstrin homology (PH) domain of the p62/Tfb1 (human/ yeast) subunit of TFIIH (p62PH/Tfb1PH) binds to a number of human/yeast proteins involved in transcription activation and nucleotide excision repair (NER) that contain acidic/hydrophobic motifs (ФXXФФ or ΩxaV; where Ф is hydrophobic) (24-31), we were interested to determine whether the NSs protein contains such a motif. Interestingly, we identify a region located at the very C terminus of NSs (NSsCT; residues 247-265) that contains a ΩXaV motif identified previously in TFIIEα (26, 27) , XPG/Rad2 (24) , and XPC/Rad4 (25) (Fig. 1A) . Bioinformatic analysis indicates that the presence of the ΩXaV motif is unique to the NSs of the RVFV among the NSs proteins of the Bunyaviridae family (Fig. 1B and Fig. S1 ), and this is consistent with the fact that the NSs proteins from these related viruses have not been reported to either bind or degrade p62 (22, 23) .
The ΩXaV Motif of NSsCT Binds to p62 and Tfb1. To verify that the region containing the ΩXaV motif at the C terminus of NSs is capable of binding to p62/Tfb1, isothermal titration calorimetry (ITC) studies were performed to determine dissociation constants (K D ) for NSsCT binding to p62PH and Tfb1PH. The ITC studies showed that NSsCT binds to both p62PH and Tfb1PH with K D values of 10 nM and 90 nM, respectively ( Fig. 2 A and  B) . Given that previous studies have shown both the aromatic and valine residues of the ΩXaV motif are crucial for binding of p62PH/Tfb1PH to TFIIEα (26, 27) , Rad2 (24) , and Rad4 (25) (Fig. 1A) , we prepared mutants (F261P, F261S, and V264S) of NSsCT to test the importance of these residues for binding to p62PH/Tfb1PH (Fig. 2B ). Under the ITC conditions, mutating F261 to serine (F261S) decreases binding by an order of magnitude, and we fail to observe any significant heat change with either the F261P or the V264S mutant of NSsCT, suggesting that their affinity for p62PH and Tfb1PH has decreased by at least 2-3 orders of magnitude.
NSsCT Interacts with the PH Domain of p62 and Tfb1. Given that NSsCT binds with high affinity to p62PH and Tfb1PH, NMR chemical shift perturbation studies were performed to determine the region of NSsCT that interacts with p62PH/Tfb1PH. N chemical shift changes are observed for signals of Tfb1PH and when mapped on the structure of Tfb1PH, the signals exhibiting the most significant changes are associated with residues in β-strands β5, β6, and β7 and helix H1 of Tfb1PH (Fig. S2 ). The pattern of chemical shift changes is similar to the ones observed previously in the presence of the NER factors Rad2 (24) and Rad4 (25) , and NMR competition studies indicate that NSsCT competes with Rad4 for a common binding site on Tfb1PH (Fig. S3) .
Structure of the NSsCT-Tfb1PH Complex. To structurally characterize the complex between NSsCT and p62PH/Tfb1PH, we performed NMR structural studies on an NSsCT-Tfb1PH complex. Tfb1PH was chosen because it is structurally and functionally homologous to p62PH (32) and we have previously determined structures of Rad2-Tfb1PH (24) and Rad4-Tfb1PH (25) complexes. The structure of the NSsCT-Tfb1PH complex (PDB code 2N0Y) is well defined by the NMR data (Table S1 ). The 20 lowest-energy structures (Fig. 3A) are characterized by good backbone geometry, no significant restraint violation and low pairwise RMSD values. In complex with NSsCT, the structure of Tfb1PH is virtually identical to its free form (ref. 33 ; PDB code 1Y5O) showing a typical PH domain fold consisting of seven β-strands assembled in two sets of anti-parallels β-sheets (β1-4 and β5-7) forming a sandwich, and an α-helix (H1) (Fig. 3A) . NSsCT binds to Tfb1PH in an extended conformation with the region between amino acids 259 and 265 of NSsCT forming the binding interface (Fig. 3) . This interface is consistent with the residues of NSsCT exhibiting the most significant chemical shifts upon addition of either Tfb1PH or p62PH (Fig. S2 ).
NSsCT-Tfb1PH Binding Interface. The NSsCT binding interface on Tfb1PH contains two shallow clefts ( Fig. 3 B and C) covering a surface area of 485 ± 25 Å 2 . The first cleft accommodates the phenyl ring of F261 from NSsCT, which makes contacts with the aliphatic side chains of residues Q49, T51, P52, M59, R61, and M88 from Tfb1PH (Fig. 3B) . A second, larger cleft is formed proximal to the helix H1 of Tfb1, where V264 of NSsCT inserts. In this cleft, contacts are made between the side chains of residues K101 and Q105 from Tfb1 and the side chain of V264 at the very C-terminal end of the viral protein (Fig. 3C) . In addition to the interactions involving the aromatic residue and the Val residue of the ΩXaV motif, the structure also suggests that intermolecular electrostatic interactions are involved in facilitating the interaction between NSsCT and Tfb1PH. These include the possible pairing of the carboxyl group of the acidic residue from the ΩXaV motif of NSs (E263) with the ammonium group of either K47 or K112 from Tfb1PH and the possible pairing of the carboxyl group of D259 from NSsCT with the guanidinium group of either R61 or R86 from Tfb1PH (Fig. S4) . Overall, the binding interface of the NSs-Tfb1PH complex is very similar to the binding interfaces of the Rad2-Tfb1PH (24), Rad4-Tfb1PH (25) and TFIIEα-p62PH complexes (26) , and clearly demonstrates how the ΩXaV motif in NSs is able to mimic the binding of these factors to the p62/Tfb1 subunit of TFIIH (Fig. S5) . To examine what effect disruption of the ΩXaV motif has on NSs function in RVFV-infected cells, recombinant (r)MP12 viruses containing mutations at F261 of NSs were generated. A triple tandem Flag tag (3xFlag) is incorporated at the C terminus of the NSs protein to allow for monitoring NSs expression and nuclear filament formation. In agreement with a prior report (14) , the C-terminal tag is well tolerated; the rMP12 virus containing wild-type NSs-3xFlag achieves infectious virus titers (as determined by plaque assay) similar to the untagged NSs. However, when F261 of NSs is mutated to either a serine (F261S) or proline (F261P) residue the resulting viruses retain infectivity but lose their ability to form plaques (Table S2) .
To examine this defect further, HSAECs cells (an IFN competent cell line) were infected at a multiplicity of infection (MOI) of 3 and infectious viral titers determined by immunostaining (focus formation assay). By 24 h post infection (hpi), both the F261S and F261P mutant viruses display about 1 log decrease in titers similar to rMP12 with deletion of NSs (ΔNSs; Fig. 4 ). Although NSs has been shown to be dispensable for viral replication, loss of NSs as an IFN antagonist can result in decreased infectious titers (34) . The similar decrease in infectious viral titers for both the mutants and the ΔNSs control is also consistent with the mutations in the ΩXaV motif disrupting NSs function. To assess whether the observed decrease in viral titers is due to an alteration of NSs localization, nuclear and cytoplasmic extracts were isolated and probed for NSs expression (Fig. S6) . Although wild-type NSs demonstrates slightly higher proportion within the nuclear fraction, a near equal distribution between the fractions is observed for both NSs mutants, indicating a significant portion of the mutant NSs proteins translocate to the nucleus. However, nuclear filament formation is abrogated with diffuse staining being observed with both NSs mutants (F261S/P; Fig. 5 ). In addition, p62 and PKR protein levels in the NSs mutant infected cells are similar to mock or rMP12 ΔNSs infected cells (Fig. S7 and SI Methods). Collectively, these data indicate that mutation of the F261 within the ΩXaV motif is sufficient to disrupt NSs function in viral-infected cells including the formation of NSs nuclear filaments, NSs induced p62 degradation and reduction of the overall level of virulence.
Discussion
One crucial concern associated with outbreaks of RVFV infections is that, like Ebola Virus infections, they can progress to fatal hemorrhagic fever in both humans and livestock (3) (4) (5) . A key viral component in determining the virulence of RVFV infection is the NSs protein, due to its ability to enter the nucleus of infected cells, induce nuclear filament formation and disrupt the function of the general transcription factor TFIIH (18) (19) (20) (21) . In this manuscript, we structurally and functionally characterize the interaction between the p62 subunit of TFIIH and the RVFV NSs protein. Based on sequence alignments with other factors known to bind to either p62 or its yeast homolog Tfb1 (24-31), we identify a ΩXaV motif at the C-terminal region of NSs (NSsCT). Using ITC and NMR studies, we demonstrate that NSsCT binds with high affinity to both Tfb1 and p62, and that the structure of an NSsCT-Tfb1PH complex is very similar to structures of Rad2-Tfb1PH (24), Rad4-Tfb1PH (25), and TFIIEα-p62PH (26) complexes. In addition, functional studies in RVFV-infected cells show that the ΩXaV motif of NSs is essential both for nuclear filament formation, degradation of p62 and virulence. These results suggest that binding of NSs to the p62 subunit of TFIIH is an essential step in nuclear filament formation, disruption of the TFIIH complex, and the virulence associated with RVFV infection.
One crucial step in the formation of nuclear filaments in RVFV-infected cells appears to be the correlation between NSs synthesis and the subsequent decrease in cellular p62 levels (21) (22) (23) . In a recent study, FBXO3 was identified as the E3 ligase responsible for ubiquitin-mediated degradation of p62 in RVFVinfected cell expressing NSs (23) . Interestingly, it was also determined that p62 was not a substrate for FBXO3 in uninfected cells, but that FBXO3 targeted p62 specifically in RVFV-infected cells. In addition, it was demonstrated that NSs recruits FBXO3 to nuclear filaments through a direct protein-protein interaction, but NSs fails to induce p62 degradation in FBXO3 deficient cells. Importantly, p62 was detected in the nuclear filaments of the RVFV-infected cells depleted of FBXO3, but absent in the filaments of infected cells with normal FBXO3 levels (23) . In combination with our results demonstrating that the ΩXaV motif of NSs is required for both p62 degradation and nuclear filament formation, this FBXO3 requirement suggests that NSs recruits both p62 and FBXO3 to nuclear filaments through direct protein-protein interactions and that leads to FBXO3-dependent degradation of p62 via the ubiquitin-proteosome system.
RVFV-infected cells can be distinguished from cells infected by other Bunyaviridae-family viruses due to the presence of nuclear filaments and their formation correlates with the onset of NSs synthesis (18) (19) (20) . Our results demonstrating that the ΩXaV motif present in the NSs protein is required for nuclear filament formation following RVFV infection are consistent with the fact that this motif is absent in the NSs proteins of other Bunyaviridae-family viruses. In previous studies, it was shown that NSs directly interacts with the p62 subunit of TFIIH, but only at time points shortly after the initiation of viral infection (22) . This early effect is thought to be due to the fact that p62 levels decrease substantially following RVFV infection in an NSsdependent manner. In combination with the results in FBXO3-depleted cells (23), our results demonstrating that the ΩXaV motif is required for nuclear filament formation strongly suggest that NSs binding to the p62 subunit is the initial step leading to the disruption of TFIIH following RVFV infection. Such a mechanism would help explain earlier studies examining the sequestration of the p44 subunit of TFIIH in nuclear filament formation (21) . In these studies, it was determined that NSs -3xFlag mutants (F261S or F261P) . Infectious virus titers were determined by focus formation assay. Data from three independent experiments was plotted as a mean ± SD of focus forming units per mL (ffu/mL). Statistical significance determined by one-way analysis of variance (ANOVA) between wild-type NSs containing virus versus ΔNSs, F261S and F261P was observed (****P < 0.0001).
interacts directly with the p44 subunit of TFIIH and that p44 is an important component of the nuclear filaments. However, the interaction between NSs and p44 only occurred when p44 was isolated from the TFIIH complex. This result seemed to indicate that the NSs-p44 interaction formed subsequent to disruption of the TFIIH complex. Together, the results suggest a mechanism where NSs binding to p62 leads to its degradation by FBXO3 in nuclear filaments. The degradation of p62 causes the disruption of the TFIIH complex, and leads to the sequestration of the p44 subunit in nuclear filaments. This disruption results in a global suppression of transcription in RVFV-infected cells due to decreased levels of transcriptionally competent TFIIH.
Our structural and functional studies demonstrate how NSs binds to p62 through an interaction with a short intrinsically disordered protein region containing a ΩXaV motif and how this interaction is required for nuclear filament formation, p62 degradation and virulence associated with RVFV infection. Interestingly, a very similar motif has also been identified in transcription regulatory factors (TFIIEα) and NER factors (Rad2 and Rad4) that bind to either p62 or Tfb1 and regulate TFIIH function. Given that TFIIH plays key roles in regulating both transcription activation and NER (35) , this would indicate that the RVFV NSs proteins has evolved to specifically inhibit the function of TFIIH. To accomplish this, a simple motif has been incorporated into its sequence that enables NSs to mimic host cell proteins that bind the p62 subunit of TFIIH. Many mammalian proteins that regulate transcription and DNA repair use intrinsically disordered protein regions to participate in highly dynamic protein-protein complexes (36) , and this enables them to interact with multiple partners. Our results suggest that NSs induces nuclear filaments using similar mechanisms with intrinsically disordered protein regions. Future studies will be performed to determine the dynamic interchange between NSs, p62, and FBXO3 in nuclear filaments, and how their interactions lead to p62 degradation, disruption of the TFIIH complex and enhance virulence in RVFV-infected cells.
Methods
Plasmids and Cloning. The DNA coding sequences for p62PH, Tfb1PH, and Rad4 76-115 were cloned as described (25, 30, 33, 37) . The DNA sequence coding for the C-terminal of RVFV NSs (NSsCT, residues 247-265) was synthesized and ligated between the BamHI and EcoRI restriction sites of pGEX-2T. Point mutations were made using QuikChange II site-directed mutagenesis kit (Stratagene). For expression of Flag-tagged NSs, a triple tandem repeat Flag tag with serine and alanine spacer (SA-DYDDDDK) was cloned between the PstI and BsaA1 sites within the pProT7-S(+) plasmid. The resulting plasmid, designated pProT7-S(+) NSs-3xFlag, was used to generate NSs mutations (F261S and F261P). All coding sequences were verified by DNA sequencing.
Recombinant Proteins Expression and Purification. p62PH, Tfb1PH, NSsCT, and Rad4 76-115 were expressed and purified as described (25, 33, 37) . NSsCT and mutants were expressed as GST-fusion proteins in Escherichia coli, purified over GSH-Sepharose resin (GE Healthcare), and cleaved with thrombin (Calbiochem). Following cleavage, NSsCT peptide was further purified over a Q-Sepharose (GE Healthcare) column and dialyzed into appropriate buffers for isothermal titration calorimetry (ITC) and NMR studies. Structure Calculations. The structure of the NSsCT-Tfb1PH complex was calculated using ARIA 2.3 (40) and refined with CNS (41) . Backbone dihedral angles were derived with TALOS+ for NSsCT and TALOS-N for Tfb1PH (42) . The quality of the 20 lowest energy structures was analyzed using PROCHECK-NMR (43) and CNS. The structure was deposited in the PDB (PDB 2N0Y) and BMRB (BMRB 25540).
Cell Culture. BSR-T7/5, a BHK-21 cell clone stably expressing T7 RNA polymerase (44) was cultured in MEM media containing 1% L-glutamine, 1% penicillin/streptomycin, 7.5% (vol/vol) heat inactivated FBS and 500 μg/mL geneticin. Vero cells were maintained in DMEM containing 1% L-glutamine, 1% penicillin/streptomycin, 10% (vol/vol) FBS. The human small airway epithelial cells (HSAECs) were grown in Ham's F-12 media supplemented with 1% L-glutamine, 1% penicillin/streptomycin, 1% nonessential amino acids, 1% sodium pyruvate, 10% (vol/vol) FBS, and 0.1% 55 mM β-mercaptoethanol (Life Technologies; ref. 45 ). All cells were maintained at 37°C in a humidified 5% (vol/vol) CO 2 atmosphere. Fig. 5 . The ΩXaV motif of NSs is required for nuclear filament formation in RVFV-infected cells. HSAECs were infected at an MOI 3 with rMP12 expressing wildtype NSs-3xFlag (WT), deletion of NSs (ΔNSs), or NSs3xFlag mutants (F261S or F261P). Cells were probed for NSs-3xFlag (green) and DAPI (nuclear counterstain; blue). A merged twofold enlargement (far right panel) of a representative area is provided and white arrowheads indicate the location of nuclear filaments with the wild-type NSs.
RVFV Viral Stocks. Recombinant MP12 viruses were rescued by transfection of BSR-T7/5 cells with the following plasmids: pProT7-M(+), pProT7-L(+), pProT7-S(+), pT7-IRES-vN, pT7-IRES-vL, and pCAGGS-vG (34, 46) . To generate an initial seed stock, cells (seeded at 3 × 10 6 cells per 75cm 2 flask) were transfected with pProT7-M(+), pProT7-L(+), pProT7-S(+), pT7-IRES-vN and pT7-IRES-vL, and pCAGGS-vG. For further details, see SI Methods. To generate a P1 viral stock, subconfluent Vero monolayers were infected at an MOI of 0.1. Two days post infection, when cytopathic effect was observed within the culture, media supernatants were harvested twice and stored at 4°C. After the last collection, supernatants were pooled together, filtered (0.2 μM), and stored at −80°C in aliquots.
Focus Formation Assay. Vero cells seeded in 12-well plates were infected in a limiting dilution assay. After 1-h incubation, an overlay (1:1 ratio) comprised of 2.4% (wt/vol) Avicel (RC-591 NF; FMC BioPolymer) and 2× EMEM media [containing 1% L-glutamine, 2% (vol/vol) penicillin/streptomycin, 1% nonessential amino acids, 1% sodium pyruvate, and 5% (vol/vol) FBS] was added to wells. After 24 h post infection (hpi), overlay was aspirated and cells, washed once with D-PBS, and then formalin [10% (vol/vol)] fixed. Cells were permeabilized with D-PBS-0.2% Triton-X100 and blocked with 3% (wt/vol) BSA in D-PBS. The α-RVFV N mouse monoclonal antibody (clone 1D8; 1:1,000 in blocking buffer) was incubated with cells for 2 h at room temperature. Afterward, cells were washed and secondary Alexa Fluor 488-conjugated antibody (1:1,000) was used to label primary antibody signal. Using EVOS FL Cell Imaging Station (Life Technologies), the number of foci containing more than two cells was counted to determine average focus forming units (ffu)/mL.
Immunofluorescence Analysis. HSEACs were grown on coverslips in a six-well plate, infected with rMP12 viruses at an MOI 3. After 24 hpi, cells were washed with PBS (−Ca and −Mg) then fixed with 4% (wt/vol) paraformaldehyde. Cells were permeabilized, blocked and probed with primary Flag antibody (1:1,000 diluted M2 clone; Sigma Aldrich). After 24 h, primary antibody was probed with Alexa Fluor 488 donkey anti-goat secondary antibody (1:1,000; Invitrogen). DAPI (4',6-diamidino-2-phenylindole), diluted 1:1,000, was used to visualize nuclei. Coverslips were mounted to glass slides using Fluoromount G (Southern Biotech). Images were viewed using an oil-immersion 60× objective lens on a Nikon Eclipse TE 2000-U. Each sample was subjected to at least five images, with a representative image shown. Images were subjected to four-line averaging and processed using Nikon NIS-Elements AR Analysis 3.2 software.
